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ABSTRACT 


During  the  fall  of  1955  and  spring  of  1956 
load  tests  were-  conducted  on  sixty  glued  laminated 
wood  beams  to  determine  the  effects  of  flexure  on 
a  hooked  scarf  joinb  placed  in  the  zone  of  maximum 
tension.  The  specimens,  which  were  Douglas-fir  and 
made  up  of  seven  laminations,  were  tested  to  fail¬ 
ure  as  simple  beams  with  third  point  loading.  The 
primary  object  of  the  study  was  to  compare  the  values 
of  modulus  of  rupture  for  the  following  five  beam 
series: 

1)  Control  beams  containing  no  scarf  joint. 

2)  Beams  with  a  hooked  scarf  joint  located  at 
midspan. 

3)  Beams  similar  to  (2)  except  that  the  exposed 
end  step  of  the  scarf,  joint  was  removed  by  plan¬ 
ing. 

4)  Beams  similar  to  (2)  except  that  wax  paper  separ¬ 
ated  the  extreme  tension  lamination  from  the 
adjacent  lamination  in  the  center  portion  of 

the  beam, 

5)  Beams  similar  to  (4)  except  that  the  exposed 
end  step  of  the  scarf  joint  was  removed  by 
planing  as  for  (3)* 

On  the  basis  of  test  results  and  statistical 
analysis,  the  following  are  the  most  significant  con¬ 
clusions  : 

1)  Removal  of  the  end  step  of  the  scarf  joint  from  the 
exposed  face  of  the  beams  significantly  Increased 
the  modulus  of  ruptut?e. 
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2)  Strengtti  ratios  obtained  in  this  series  of  tests 
were  lower  than  the  strength  ratios  calculated  by 
methods  specified  in  section  4*3o4.4*  of  the  1955 
edition  of  the  National  Building  Code  of  Canada* 


INTRODUCTION: 


Glued  laminated  wood  construction  has  only 
come  into  prominenae  as  a  major  construction  medium 
within  the  past  twenty  years*  This  may  he  attributed 
to  many  widespread  developments  in  the  field  of 
laminates.  Significant  improvements  in  glues  and  the 
necessary  engineering  design  data  obtained  through 
research  are  perhaps  the  most  important,  of  these 
developments. 

The  term  ’*glued  laminated:"  refers  to  mem¬ 
bers  glued  up  in  layers.  There  ia:  an  infinite  ahoise 
of  size  and  shapes  provided  by  this  type  of.  fabri-* 
cation.  Members  may  be  curved  to  form  arch  shapes; 
laminations  may  be  of  any  thickness  or  length;  lam¬ 
inations  may  be  composed  of  narrow  pieces  glued  edge 
to  edge  to  make  wide  ones,  or  of  different  vrood 
species.  Since  all  the  layers  are  parallel  to  the 
length  of  the  member,  glued  laminated  construction 
is  different  from  plywood  construation.  in  which  the 
layers  are  usually  at  right  angles  to  one  another. 

The  production  of  better  glues  has  been 
the  most  important  factor  in  the  development  of  lam¬ 
inated  wood  construction.  Improved  glues  such  as  the 
highly  water  resistant  resins  that  set  at  moderate 
temperatures  have  made  possible  the  fabrication  of 
members  for  the  use  under  exterior  exposure  and 
extreme  service  conditions. 

Modern  glues  and  gluing  techniques  provide 


both  adequate  and  effective  means  of  bonding  laminations 
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into  an  assembly  equal  in  strength  to  a  single-piece 
member  of  equivalent  section.  Glues  may  be  selected' 
to  provided  a  laminated  assembly  that  is  water  resistanit 
or  waterproof  as  the  conditions  may  dictate.  When  pro¬ 
perly  glued,  laminated'  members  may  be  given  a  pre¬ 
servative  treatment  by  pressure  methods  similar  to 
those  employed  for  solid  timbers  and  thereby  have  im¬ 
proved  resistance  to  decay  when  used  under  adverse 
conditions  of  exposure.  It  is  possible  also  to  give 
the  laminations  treatment  prior  to  assembly. 

The  use  of  glued  laminated  beams  for  long 
spans  has  created  certain  problems;  one  being  the 
problem  of  splicing  and  joining  the  individual  lamin¬ 
ate  layers.  The  butt-  type  of  joint  is  not  satisfactory 
since  the  area  of  the  joint  that  is  exposed  as  a 
gluing  surface  is  small  and  the  full  strength  of  the 
laminate  cannot  be  transmitted  by  glue  bond.  This  type 
of  joint  is  particularly  unsatisfactory  in  tension 
zones  since  tension  stresses  must  be  entirely  trans¬ 
mitted  by  the  glue  bond.  Various  joints  have  been 
devised  ranging  in  complexity  from  a  plain  scarf 
joint  in  vfhlch  the  pieces  are  planed  to  a  chosen 
bevel  and  glued' together;  to  a  toothed  scarf  joint 
which  is  formed- to  give  a  pattern  similar  to  inter¬ 
locking  fingers.  A  hooked  scarf  joint  is  similar  to 
a  plain  scarf  with  the  exception  of  a  hook  cutting  across 
the  center  of  the  bevel.  Presence  of  the  hook  provides 
ease  in  positioning. 

The  value  of  any  joint  must  be  considered 
in  the  light  of  the  following  questions? 
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1)  What  will  he  the  cost  of  fabricating  such  a  ^oint? 

2)  Does  the  joint  have  to  be  glued  separately  or  can 
it  be  fabricated’  simultaneously  with  the  rest  of 
the  member? 

3)  What  are  the  strength  characteristics  of  the  parti¬ 
cular  joint? 

Present  practice  in  the  design  of  laminated 
beams  requires  reduction  of  the  effective  section 
where  laminations  are  spliced*  The  National  Building 
Code  of  Canada,  section  4.3.,  specifies  strength 
reduction  factors  for  scarf  joints;  the  steeper  the 
slope  the  more  severe  the  reduction  factor.  Speci¬ 
fications  also  call  for  further  strength  reduction 
factors  applicable  to  all  timber  design.  The  grade 
of  lumber  used,  exposure  conditions  and  defects  suah 
as- knots  etc*  are  some  of  these  factors. 

The  rapid  expansion  of  laminates  into  industry 
has  necessitated  the  investigation  into  the  strength 
properties  of  various  types  and  spacings  of  scarf 
joints  used.  Most  fabrica^tors  choose  the  plain  scarf 
in  preference  to  the  hooked  scarf  because  of  the  sim¬ 
plicity  of  the  equipment  required. 

While  fabricating  procedures  for  glued  lamin¬ 
ated  members  were  developing  to  a  point  where  beams  and 
other  structural  elements  could  be  manufactured  com¬ 
mercially,  it  became  increasingly  apparent  that  addi¬ 
tional  research  was  necessary  to  investigate  new 
problems  relative  to  strength  and  design  and  to  pro¬ 
vide  information  for  specifications  governing  design. 
With  the  cooperation  of  the  United  States  War  Production 
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Board  and  industry,  work  on  factors  affecting  strengtli 
was  undertaken  at  the  Forest  Products  Laboratory  (U.S.). 
This  work  included  the  testing  of  full-sized  laminated 
beams  and  columns.  The  investigation  covered  the  effect 
on  strength  of:  different  types  of  joints  in  laminations, 
defects  such  as  knots,  grain  alignment  etc.  in  dif¬ 
ferent  laminations,  lamination  thickness  and  like 
factors. 

An  investigation  of  scarf  joints  is  presently 
being  conducted  in  Canada  by  the  Canadian  Institute  of 
Timber  Construction.  The  initial  phase  of  this  investi¬ 
gation  was  a  study  of  scarf  joints  and  the  notching 
effect  under  pure  tension  and  under  bending  action 
(Reference  no.  2).  This  work  was  done  in  conjunction 
with  the  Forest  Products  Laboratory  in  Ottawa. 

Bending  tests  conducted  in  this  initial  phase 
indicated  much  lower  working  stresses  for  beams  having 
hook  scarf  jointed  laminations  than  the  National 
Building  Code  specification  allows.  Supplementary  tests 
showed  that  glue  bond  was  adequate  and  Indicated  the 
probability  of  the  hook  or  end-step  of  the  joint  having 
a  greater  effect  than  is  currently  appreciated. 

Further  tests  in  tension  of  single  and  double 
laminations  gave  rise  to  the  following  conclusions: 

1)  Strength  ratios  of  single  scarf  jointed  laminations, 
when  tested  in  tension  parallel  to  grain,  are  lower 
than  those  specified  by  the  National  Building  Code. 

2)  Waterproof  adhesives,  and  casein  glues  produce  equal 
strengths  in  identical  joints. 
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3)  Ttie  strength  ratio  of  single  and  double  scarf  Jointed 
laminations  Is  Increased  considerably  by  the  removal 
of  the  end-step  on  the  outside  faces  of  the  lamina¬ 
tions. 

Continuing  the  above  work,  a  testing  program 
was  conducted  at  the  University  of  Alberta  during  the 
fall  of  1955  and  spring  of  1956.  The  present  paper 
covers  this  particular  testing  program. 
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2&0BJEGT  AND  SCOPE 


The  primary  object  of  this  study  is  to  Investi¬ 
gate  certain  strength  characteristics  of  hook  scarf 

Joints, 

The  project  was  designed  with  four  objectives 

in  mind: 

1)  To  obtain  strength  ratios  for  glued  laminated  beams 
containing  hook  scarf  Joints  located  at  the  point 
of  maximum  bending  stress. 

2)  To  find  the  effect  in  (l)  by  the  removal  by  planing 
of  the  exposed  end-step^  of  the  scarf  Joints. 

3)  To  obtain  strength  ratios  for  end- stepped  scarf 
Joints  subjected  to  combined  bending  and  tension  as 
produced  in  flexure  tests  in  which  perpendicular 
support  from  the  adjacent  lamination  was  su|)|)lied 
but  longitudinal  shear  resistance  was  eliminated  by 
the  absence  of  the  glue  line. 

4)  To  find  the  effect  in  (3)  by  the  removal  of  the 
exposed  end-steps  of  the  scarf  Joints. 
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3-HATERIAL3  AND  CONSTRUCTION 


Sixty  beams  manufactured  from  Douglas-fir, 
Coast  region,  laminating  grade  B  material  were  supplied 
for  this  testing  program.  These  beams  were  divided  into 
five  series  of  12  beams  each.  The  code  letters  that 
distinguish  the  series  have  the  following  meanings: 

G  -  Represents  12  beams  2-|”  x  5-7/16”  x  12*-0”  made  of 
seven  1”  nominal  laminations.  These  were  the  control 
beams  and  contained  no  scarf  joint. 

S  -  Represents  12  beams  2i”  x  5-7/16”  x  12 (-0"  made  of 
seven  l”  nominal  laminations  but  with  a  hooked 
scarf  Joint  located  at  the  center  of  the  extreme 
tension  lamination. 

SP-  Represents  12  beams  2-|”  x  5-5/16”  x  12*-0”  of 

similar  construction  but  with  the  exposed  end  step 
of  the  scarf  joint  removed  by  planing. 

X  -  Represents  12  beams  2i”  x  5-7/16”  x  12*-0”  of 

similar  construction  to  the  ”S”  group  except  that 
50  lineal  inches  of  wax  paper  separated  the  extreme 
tension  lamination  from  the  adjacent  (or  second 
tension  lamination)  lamination  at  the  center  of 
the  beam. 

XP-  Represents  12  beams  2^”  x  5-5/16”  x  12*-0”  of 

similar  construction  to  the  ”X”  group  except  that 
the  exposed  end  step  of  the  scarf  joint  was 
removed  by  planing  as  in  the  ”SP”  group. 

Note  that  the  dimensions  difference  between 
groups  C,S,  and  X  and  the  groups  SP  and  XP  is  l/8” 
in  depth  only. 


L':j1  -iccjj 
CJ-:  L-j;. 

I  C'  <-•  J-v  ‘ 


iC 

bti 

,  C  • :. 

H 


‘  .■  ^J-j(  ;;  /'>C'  J  v< ,  ■  I  ij  J,!- i.il  v- 

Ll  gui::' ■:ul , ''yc.l,._;c>‘X  Ji...'Qw 

.IvJ-i;  oaeril  hu.U’goj  c'.g:.g  ^ 

LG.£.JJi:i  obo^  GXi.,'  .  y.  I  bC  ^rr- I'iy ,..  t  V 

j ,j.b  .'oLsCb  e::b.  ael'iGa  oi..> 

—  ...  (.^.L  —  . .  v:;  ^  1  - 

,;w  uGOi'^a.  ,  ..^!.o.i  J .Gu  .'‘1  QGvaa 

Ig.’-Og  on  ic..:  f  '  j.,o::  a.;;;...., 

^l-2,  ...  ;<  ‘is  a. a 

.  i^'.r.i  .3  V..  ~  ii.  .3‘ 1  .3 .. -i' i  ...  .j,Gv3:'3 

G G  J  Sc  n: e S cm o  '-b b  b-y  b j :■:■  o o j  j:  q I -c  ^  ' .. c  t; c- 

f.  .  ■  y  i..i.v  .3  '■  ..'-  uO...^  ,'■  C.;.v.  U 

; ,  .  I  .  , ■  . .  V  .  .  ....  ,  ^..  .  ■■  ,  .  ..^. 

-  ■  -.  -"v  ,'  ^  — .  ..'.  ;,..  ^  i.^  %.J  .i  G.-‘..t..i  S'.'.'  ■“..... 

0  fcccoi;.:.c  e-dci'  ;.jXc  JnJ  no..t.tOG  :..ic,:iCr  n  ^  Li....U; 


.  .  G...VC:x:0‘J.  .hlSC;,  '.- G  0:.;.;  XC 


Each  beam  consisted  of  seven  laminations. 

The  top  six  which  had  a  true  thickness  of  ,781"  were 
supplied  locally.  The  bottom  laminations  or  scarf 
laminations  had  a  true  thickness  of  ,750”  and  were 
supplied  (not  glued)  from  Peterboro,  Ont,  With  the 
end  step  planed  off  the  final  dimensions  of  the 
bottom  lamination  was  2.500”  x  ,620”.  The  laminations 
were  grouped' and  lettered  according  to  their  appro¬ 
priate  series.  Then  the  laminations  were  bonded  to¬ 
gether  with  casein  glue  and  placed  under  pressure  for 
a  period  of  between  16  to  24  hours.  Careful  observations 
were  made  to  ensure  proper  glue  spreads.  Standard' 
commercial  procedures  were  used  in  the  gluing  oper¬ 
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4^EXPERI]yiENTAL  PROCEDURE 

Beams  were  tested  in  a  ’’Riehle''  testing 

machine  of  150,000  lb*  capacity »  A  loading  rail  for 
transferring  the  load  to  the  third  points  of  the  test 
beams  was  bolted  to  the  loading  head  of  the  machine* 
Loads  were  transmitted  to  the  test  beam  by  use  of 
triangular  loading  blocks*  The  beam  reaction  supports 
consisted  of  freely  hinged  plates  mounted  on  pedestals 
which  allowed  for  rotation  of  the  beams  at  the  supports* 
These  pedestals  were  positioned  to  provide  a  test  beam 
span  of  10.62  ft.  center  to  center  of  reactions.  The 
reaction  supports  were  bolted  securely  to  a  loading 
beam  consisting  of  two  12  x  5i  I  beams  @  40.8  lbs. 
per  foot*  Load  was  transmitted  from  these  I  beams  to 
a  loading  table  of  the  machine. 

Upon  delivery  from  the  fabricator  the  beams 
were  stored  in  a  constant  temperature-humidity  room 
and  conditioned  to  a  moisture  content  of  about  12  per 
cent.  Before  the  beams  were  tested,  SR4  strain  gages 
were  placed  at  the  various  locations  as  indicated  by 
figure  no*  2*  Two  3R4  strain  gages  were  used  on  the 
control  beams.  These  two  gages  v/ere  attached  at  the 
centerline  of  the  span,  one  on  the  bottom  face  and  one 
on  the  top  face.  Three  SR4  strain  gages  were  used  on 
each  of  the  remaining  beams.  One  gage  v/as  placed  on 
the  top  face  as  on  the  control  beam  series  and  the 
other  two  gages  were  located  one  on  either  side  of 
the  scarf  joint  on  the  bottom  face.  Five  Ames  dials 
were  used  in  the  test  set-up:  three  were  positioned 
to  give  the  net  centerline  deflection  and  two  v;ere 
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set  on  a  gage  distance  of  6-1/8”  to  give  maxiraum 
tension  and  compression  strains  at  the  centerline  of 
the  beam. 

The  loading  of.  the  beams  was  performed  at 
a  speed  of  0.1  inches  per  minute  for  the  loading  head. 
During  the  test  period  movement  of  the  loading  head 
was  stopped  and  the  following  readings  were  taken  and 
recorded  for  the  load  ”P”,  SR4  strain  gages.  Ames  dials 
at  the  reaction  points,  and  the  centerline  deflection 
dial.  Once  a  beam  had  failed  it  was  removed  from  the 
machine  and  photographed. 

Two  samples,  each  about  the  size  of  a  2” 
cube,  were  then  cut  from  the  beam,  one  near  the 
fracture  and  one  near  the  end.  These  were  analysed  for 
moisture  content  and  specific  gravity  in  the  following 
manner: 

The  samples  were  weighed  immediately  after  they 
were  cut  from  the  beam.  They  were  then  oven  dried 
at  a  temperature  of  105^0  for  a  period  of  twenty 
four  hours  and  weighed  a  second  time.  From  these' 
values  the  moisture  content  of  the  cube  was  com¬ 
puted.  The  samples  were  then  dipped  in  a  paraffin 
solution  and  weighed.  Finally  the  samples  plus 
the  paraffin,  were  weighed  submerged  under  water. 
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Figure  no«,  1 
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Figure  no. 2 
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Figure  no.  3 
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Figure  -*  4 

Loading  Apparatus  With  Beam  Under  Test  (Both  Pictures) 


The  following  pictures  show  the  ‘beams  in  each  series 
after  failure.  The  two  markers  on  either  side  of  the 
beam  designation  sign  denotes  the  third  point  loading 


locations 


G  -  Series ,  Figure  ->  5 


S  -  Series, Figure  -  6 


SP  -  Series, Figure. “  7 
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X  ”  Series, Figure  -  8 
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5-PRE3ENTATIQN  OF  RESULTS 


The  following  graphs  have  been  plotted  from 
data  obtained  from  the  loading  tests; 

Plates  1  to  5  -  Ultimate  Load  vs.  Moisture 

content  and  Ultimate  Load  vs. 
Specific  G-ravity. 

Plates  6  to  10  -  Load  vs.  Deflection 

Plates  11  to  12  -  Load  vs.  Deflection  for  average 

values. 

Plates  13  to  26  -  Load  vs.  Strains. 

Plates  27  -  Load  vs.  Tension  Strain,  average 


Plate 

28 

values  for  G,3,  and  X  series. 

-  Load  vs.  Tension  Strains , average 

Plate 

29 

values  for  SP  and  XP  series. 

-  Load  vs.  Compression  Strains, 

Plate 

30 

average  values  for  C,S,  and  X  series 

-  Load  vs.  Compression  Strains, 

average  values  for  SP  and  XP  series. 
The  following  tables  summarize  a  number,  of  results  as 
follows ; 

Table  -  1  -  Modulus  of  Rupture. 

Table  -  2  -  Modulus  of  Elasticity. 

Table  -  3  -  Average  Modulus  of  Rupture. 

Concluding  this  section  is  a  statistical 
analysis  which  is  summarized  in  the  Tables  6  to  11 
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Beam  test  data  was  collected  under  the  following 
headings : 

1)  Total  load  applied. 

2)  Deflection  at  the  centerline  of  the  span. 

3)  Strain  in  the  extreme  compression  fibres. 

4)  Strain  in  the  extreme  tension  fibres. 

The  values  of  (2),  (3)  and  (4)  were  plotted 
individually  against  the  load  applied  (shown  on  plates 
6  to  30).  Properties  of  the  beams  such  as  modulus  of 
rupture,  modulus  of  elasticity  were  determined  by 
using  the  average  of  the  ultimate  for  each  series 
and  the  average  slope-  of  the  stress  strain  curves  for 
each  of  the  series,  respectively.  These  properties 
are  presented  in  table  form  listed  on  the  previous 


page. 
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Table  1  - 

Modulus  of 

Rupture  -  p*i 

s.  io 

Stat¬ 

istics 

Controls 

no  scarf 

Standard 

scarf 

Standard 

scarf 

Standard 

scarf 

Standard 

scarf 

planed 

planed 

Isolated 

by  wax  paper 

8,530 

5,450 

8,940 

6,220 

8,170 

8,300 

5,170 

8,810 

6,960 

9,430 

3,900 

5,190 

8,090 

5,600 

7,820 

9,950 

6,190 

9,030 

6,030 

5,890 

10,340 

6,030 

10,730 

4,920 

6,660 

11,340 

7,780 

9,660 

5,970 

7,590 

10,000 

6,380 

9,360 

4,260 

5,000 

10,170 

5,600 

9,550 

6,900 

8,360 

9,400 

4,900 

10,840 

5,810 

6,830 

11,210 

6,810 

9,280 

7,310 

6,140 

9,810 

6,030 

9,300 

4,310 

7,170 

10,050 

6,030 

8,760 

5,780 

5,310 

X 

9,830 

5,960 

9,360 

5,840 

7,030 

S 

941  ' 

798 

822 

976 

1,319 

V 

9.6 

13.4 

8.8 

16.7 

18.8 

Sx 

272 

230 

248 

282 

381 

Definitions : (These  terms  apply  to  statistical  analysis) 

5  -  average  - p.s.i. 

xT 

S  =  standard  deviation  p.s.i. 

V  -  coefficient  of  variation 

Sx  =  standard  error  of  the  estimate. 
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Table  2  - 

Modulus  of 

Elasticity  > 

•Z 

:  10"* -^p.  So  i,  (Computed  by 
Deflection  ) 

Stat¬ 

istics 

Controls 

no  scarf 

Standard 

scarf 

Standard 

scarf 

Standard 

scarf 

Standard 

scarf 

planed 

planed 

Isolated  by  wax  paper 

1,330 

1,340 

2,030 

1,840 

1,860 

1,540 

1,560 

2,000 

1,560 

1,920 

1,780 

1,950 

2,000 

1,970 

1,790 

1,950 

1,320 

1,680 

1,340 

1,850 

1,310 

1,900 

2,190 

1,810 

1,790 

1,B90 

1,730 

1,910 

1,930 

1,820 

2,000 

1,940 

1,930 

1,890 

1,830 

1,920 

1,970 

1,330 

1,690 

1„960 

1,810 

1,810 

1,910 

1,730 

1,450 

2,170 

2,130 

1,830 

1,610 

1 ,740 

2,030 

2,160 

1,850 

1,.650 

1,870 

1,720 

2,1.60 

1,980 

2,070 

1,540 

X 

1,870 

1,835 

1,930 

1,800 

1,785 

S 

162 

164 

134 

155 

149 

V 

8..7 

8.T 

7.0 

8.6 

8.3 

Sx 

_ 

4,7 

3.9 

4.5 

4.3 

Table  3  -  Average  Modulus  of  Rupture 


Scarf 

Control 

Standard 

Stand. Scarf 

Average 

Isolatiob^-^ 

no  scarf 

scarf 

planed 

scarf  Specimen 

none 

9,330 

5,960 

9,360 

7,660 

wax  paper 

5,840 

7,030 

6,440 

I  t 


Table  -  4  Maximum  Loads  and  Maximum  Deflections  (at  failure) 


Series 

no* 

C  -  Series 

S  -  Series 

SP-  Series 

X  -  Series 

XP-  Series 

Load 

Defl. 

Load 

Defl. 

Load 

Defl. 

Load 

Defl. 

Load 

Defl. 

Mpll 

HpH 

»i  pH 

llpH 

iipti 

lbs. 

inch. 

lbs. 

inch. 

lbs.  , 

inch. 

lbs. 

inch. 

lbs. 

inch. 

1 

4,945 

3,356 

3,160 

2o044 

4,950 

3.425 

3,610 

2.042 

4,525 

3.537 

2 

4,815 

3.891 

3,000 

2.115 

o 

CO 

CO 

2.897 

4,035 

3.153 

5,220 

4.388 

3 

5,150 

4.020 

3,010 

1.724 

4,430 

2.756 

5,250 

1.324 

4,330 

3.351 

4 

5,770 

5.147 

3,590 

lol90 

5,000 

4.345 

3,500 

2.085 

3,260 

2.060 

5 

6,000 

5.690 

3,500 

2.053 

5,940 

4.158 

2,855 

1.803 

3,690 

2.715 

6 

6,580 

6.589 

4,510 

3.457 

5,350 

4.611 

3,460 

1.902 

4,200 

3.050 

7 

5,800 

4.605 

3,700 

2,151 

2,470 

1.460 

2,770 

1.340 

8 

5,900 

4,930 

3,250 

1.938 

5,290 

4.721 

4,000 

2.638 

4,630 

3.541 

9 

5,450 

4.194 

2,840 

1.727 

6,000 

4.724 

3,370 

2.213 

4,630 

3.192 

10 

6,500 

4.387 

3,950 

2.053 

5,140 

4.726 

4,  240 

3.325 

3,400 

2.442 

11 

5,690 

4.437 

3,500 

2,386 

5,150 

4.693 

2,500 

1.739 

3,970 

2.705 

12 

5,830 

5.049 

3,500 

1.359 

4,850 

4.164 

5,350 

1.722 

2,940 

2.241 

Table  -  5  Summary  of  Beam  Properties  as  Computed  from  Test  Data* 


Series 

Average 

Modulus 

of 

Rupture 
p. s.i. 

E  as 

Computed 

Deflect, 
p. s. i. 

E  as 
Computed 
by  Comp. 
Strains 

p » 3 .  i  9 

E  as 

Computed 

Tension 

Strains 

P  .  S  •  i  a 

Moisture  Content  % 

Max. 

Min. 

Ave. 

C 

9,830 

1.87(10^) 

2.06 (10°) 

1.90(10®) 

15.2 

11,5 

12.3 

3 

5,960 

1.89(10^) 

2.16(10^) 

1.85(10^) 

15.5 

10.6 

13.0 

SP 

9,360 

1.93(10^) 

2.05(10  ) 

1,81 (10^) 

13.6 

11.6 

12.7 

X 

5,840 

1.80(10^) 

2.05(10°) 

1.92(10°) 

13o7 

11.4 

12.5 

XP 

7,030 

1.79(106) 

2.01  (10^) 

1.33(106) 

14.4 

12.6 

13.3 
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Statistical  Analysis 

The  statistical  analysis  leads  to  slg^nlflcant 
comparisons  of  the  results. 

The  analysis  of  the  test  data  was  computed 
by  the  Forest  Products  Laboratory  In  Ottawa  and  will 
be  quoted  here  as  presented; 

Definition  of  Symbols: 

S.S.  -  sum  of  squares 

d.f.  -  degrees  of  freedom 

M.S.  -  mean  of  squares  =  S.S./d.f. 

F  -  value  from  data 

F^c  -  value  from  table  of  F  distribution  5^  level (ref .no. 3 ) 
05 
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Table  6  Effect  of  Variables  on  Bending  Strength, 


Comparison 

S.S, 

d,f. 

M,S. 

F 

^05 

(1)(C,S,3P)-(X,XP) 

54,838,711 

1 

54,838,711 

56.78 

4.02 

Significant 

(2)  X  -  XP 

8,520,417 

1 

8,520,417 

8.82 

II 

II 

(3)(C,SP)  -  3 

105,691,261 

1 

105,691,261 

109.4 

II 

II 

(4)  C  -  SP 

1,328,692 

1 

1,328,692 

1.38 

II 

Not  Signif. 

Within 

53,119,312 

55 

965,806 

Total 

223,498,393 

59 

Elasticity 

Table  7  -  Average  Modulus  of  Elasticity  x  10*"^  p^s.i*. 


Isolatloji\^ 

Control 

Standard 

Scarf 

Stand. Scarf 
Planed 

Average  of 
Scarf 
Specimen 

none 

1,870 

1,885 

1,930 

1,910 

wax  paper 

1,800 

1,785 

1,790 

Table  3  -  Effect  of  Variables  on  Modulus  of  Elasticity, 


Comparison 

S.S. 

d.f. 

M.S. 

F 

^05 

(1)(C,S,SP)-(X,XP) 

151,700 

1 

151,700 

6.55 

4.02  31snlf leant 

(2)  X  -  XP 

1,204 

1 

1,204 

- 

"  Hot  Signlf. 

(3)  C.  -  (3,3P) 

10,272 

1 

10,272 

- 

II  II  M 

(4)  S  -  3P 

11 , 267 

1 

11,267 

- 

II  II  II 

Within 

1,273,950 

55 

23,163 

Total 

59 
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Table  9  -  Comparison  Summary  of  Modulus  of  Rupture. 


Series 

Modulus  of  Rupture 

Strength  Ratio 

Control  C 

9,830  p.s.i. 

1.00 

Standard  Scarf  3 

5,960  p.s.i. 

0.61 

Sta.  Scarf  Planed  SP 

9,360  p.3.1.. 

0.95 

Sta.  Scarf  Isolated  X 

5,84o  p.s.i. 

0.60 

Scarf  Iso.  and  Planed  XP 

7,030  p.s.i. 

0.72 

Statistical  analysis  shows  only  three  signi¬ 
ficant  comparisons  can  be  used  for  computing  strength 
ratios.  These  are  comparisons  between  the  groups  (G,SP), 
(XP)  and  (3,X).  These  strength  ratios  are  presented 
below  in  table  lo. 


Table  10  -  Comparison  Summary  of  Modulus  of  Rupture. 


Series 

M.  of  R. 
Average 

p.s.i. 

Combined  Ave. 

Strength  Ratio 

Control 

C 

Sta.  Scarf  Planed 

SP 

9,830| 

9,360) 

9600 

1.00 

Scarf  Iso.  and  Planed 

XP 

7,030 

7030 

0.73 

Standard  Scarf 

s 

5,960) 

) 

) 

5,840) 

5900 

0.61 

Sta.  Scarf  Isolated 

X 

■I 

( 

I 


i 

1 
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Statistical  analysis  shows  a  significant  difference 
in  the  results  for  the  “Modulus  of  Elasticity*'  as 
computed  by  load  deflection  between  the  groups  G,S,3P 
and  the  groups  X,XP.  These  differences  were  averaged 
and  expressed  as  stiffness  ratios  in  the  following 
table. 


Table  11  -  Comparison  Summary  of  Modulus  of  Elasticity  (By  Deflection) 


Series 

Modulus  of  Elasticity  x  10‘^^p.s.i* 

Stiffness  Ratio 

Average  Combined  Average 

G 

1.870) 

) 

S 

1.885!  1.89Q 

) 

1.00 

3P 

) 

1.950) 

X 

1.800) 

)  1.790 

0.95 

XF 

1.785) 
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DISCUSSION 


Stress  Concentration  Factors: 

The  strength  ratio  for  the  beams  containing 
a  standard  scarf  joint  in  this  series  of  tests  was 
0.61*  This  value  is  11%  of  a  calculated  strength  ratio 
value  of  0..79.  The  calculated  value  was  based  on  a 
tension  strength  ratio  for  the  joint  of  0.33 (Ref •  2). 
This  tension  strength  ratio  is  a  cumulative  value 
consisting  of: 

1)  A  slope  factor  of  0.90  (a  value  prescribed  by  the 
National  Building  Code  of  Canada  for  slopes  flatter 
than  1  to  12)., 

2)  A  grain  alignment  factor  of  0..94  (on  basis  of  the 
annual  rings  or  layers  of  wood  not  being  continuous 
through  the  scarf  joint  glue  line).  This  is  an 
experimental  value  (Ref.  2). 

3)  A  factor  of  0.83  based  on  the  ratio  of  net  area  to 
gross  area  (net  area  equals  gross  area  of  the 
lamination  minus  the  area  occupied  by  a  single 
end-step). 

4)  A  ^'stress  concentration*'  factor  in  pure  tension. 
of  0.47  required  to  reduce  the  cumulative  value  of 
factors  (l)  to  (3)  to  the  experimentally  derived 
value  of  0.33. 

The  strength  ratio  of  0.79  for  the  test  beams 
was  computed  by  methods  prescribed  in  section  4. 3, 4, 4 
of  the  1953  edition  of  the  National  Building  Code  of 
Canada.  The  actual  strength  ratio  of  0.61  indicates 
the  presence  of  a  further  reduction  in  bending  due  to 
peeling  action  and  further  stress  concentration.  The^ 
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value  of  th.ls  factor  is  0*77*  These  tests  confirm  ex¬ 
perimental  values  obtained  in  previous  Forest  Products 
Laboratory  beam  tests  in  that  the  efficiency  of  the 
beams  having  an  end-step  notch  on  the  tension  face 
appears  to  be  of  the  order  of  65^ (Ref.  2). 

The  peeling  actiom  plus  the  stress  concen¬ 
tration  due  to  bending  are  considered  to  be  the  reasons 
for  this  reduction  of  the  strength  ratio  of  the  test 
beams.  The  peeling  effect  can  be  noted  by  examination 
of  the  "load  vs.  strain,  tension  gage,  S  -  series" 

(see  plates  no.  15  and  16).  Gages  placed  in  the  ten¬ 
sion  zone  indicated  a  disruption  in  the  rate  of 
straining  when  the  load  "P"  applied  reached  about 
3,000  lbs.  The  tension  laminations  the  continued  to 
strain  at  their  initial  rate  until  failure.  This  dis¬ 
ruption  of  the  load  strain  curve  indicated  slippage 
along  the  scarf  Joint  glue  line  hence  a  probable  peeling 
condition.  For  the  beam  series  where  the  end-step  was 
planed  off-,  such  as  in  the  (SP)  and  the  (XP)  series, 
this  disruption  of  the  load  strain  curve  was  not 
evident  till"P”  was  about  4,000  lbs.  (see  plates  no, 

21  and  22).  This  action  indicated  that  there  was  less 
rigidity  in  the  bottom  portion  of  the  Joint  after  the 
removal  of  the  end- step  by  planiing.  Increasing  the 
flexibility  of  the  scarf  Joint  by  planing  reduced  the 
peeling  effect.  It  is  difficult  to  proportion  the 
effects  of  stress  concentration  and  peeling  but  it  is 
certain:  that  the  effectiveness  of  the  Joint  and  hence 
the  beam  is  dependent  on  both  of  these  effects. 

Pictures  of  the  "S"  series,  figure  no.  6,  show  practl- 
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cally  all  the  failures  to  be  initiated  along  the  glue 
line  of  the  scarf  Joint. 

Removing  the  end-step  from  the  exposed  faces 
by  planing  greatly  Increased  the  strength  of  the  section 
in  flexure.  In  the  removal  of  the  end-steps  most  of  the 
stress  concentrating  and  peeling  effects  were  eliminated. 
The  strengths  of  these  beams  were  not  significantly 
different  fromi  the  strengths  of  the  control  beams.  This 
series  of  tests  show  that  by  removing  the  end-steps  the 
strength  ratios  were  increased  from  0.61  to  0.95j  the 
bending  strength  was  increased  about  60%* 

Statistical  analysis  indicates  that  certain 
apparent  differences  in  the  behavior  of  the  various 
series  are  significant  whereas  others  are  not.  (See 
table  no.  6). 

a)  The  difference  of  470  p.s.i.  in  average  modulus  of 
rupture  of  the  unscarfed  beams  and  average  modulus 
of  rupture  of  the  beams  with  standard  scarf  planed 
was  not  significant  (comparison  4). 

b)  The  increase  of  2,300  p.s.i.  in  average  modulus  of 
rupture  as  a  result  of-  planing  was  significant 
(comparisons  3  and  4). 

c)  The  decrease  of  1,220  p.s.i.  in  average  modulus  of 
rupture  of  the  regular  scarfed  specimens  and  the 
average  modulus  of  rupture  of  the  isolated  scarfed 
specimens  was  significant  (comparison  l). 

d)  The  difference  of  1,190  p.s.i.  in  the  average 
modulus  of  rupture  of  the  two  groups  with  the 
isolated  scarfs  was  significant  (comparison  2).  In 
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other  words  the  beams  containing  the  standard  scarf 
were  affected  to  a  lesser  degree  by  the  insertion 
of  the  wax  paper. 

Four  analyses  of  the  variations  in  modulus 
of  elasticity  were  performed  from  which  two  conclusions 
were  drawn:  (See  table  8). 

a)  The  difference  in  "apparent"  modulus  of  elasticity 
indicated  between  the  beams  containing  standard  or 
planed  scarf  Joints  was  not  significant  (comparisons 
3  and  4). 

b)  The  decrease  of  120,000  p.s.l.  in  average  "apparent" 
modulus  of  elasticity  obtained  as  a  result  of  the  wax 
paper  insertion  was  significant,  (comparison  1).  This 
difference  was  the  same  for  beams  containing  the 
planed  and  unplaned  scarf  Joints  (comparison  2), 

Referring  to  the  above  comparisons  we  see 
that  the  stastitical  analysis  showed  significant 
difference  in  the  stiffness  between  the  series  X,XP 
(isolated  Joints)  and  the  grouping  of  the  series 
G,S,3P.  This  difference  was  probably  due  to  a  further 
stress  concentration  at  the  ends  of  the  wax  paper.  The 
significant  difference  in  strength  ratio  between  the 
SP  and  the  XP  series  is  most  likely  due  to  the  same 
effect.  It  should  be  pointed  out  that  this  effect  is 
not  too  important  since  commercial  Joints  are  fabricated 
with  a  continuous  glue  llne» 

If  the  strength  reduction  factor  is  to  be 
taken  into  consideration  and  remedied  by  elimination 
rather  than  by  reduction  of  working  stresses,  there  are 
several  approaches  to  the  problem: 
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a)  Scarfing  and  pre-gluing  dressed  lumber  and  then 
re-dressed  prior  to  assembly. 

b)  Scarfing  and  pregluing  rough  lumber  with  the 
necessary  dressing  process  eliminating  the  end 
step  notch. 

c)  Use  of  feathered  edge  scarf  in  place  of  ond-step 
scarf  joints. 

d)  Use  of  end-stepped  scarf  joints  in  assembly  and 
dressing  outside  laminations  before  completion  of 
fabrication  thus  removing  the  end-step  notches  from 
the  position  of  maximupi  stress. 

These  methods  are  all  possible  if  not  econo¬ 
mical.  In  any  assembly  however,  it  is  imperative  that 
the  two  halves  of  the  scarf  joint  be  accurately 
positioned  by  some  automatic  means  not  dependent  on 
the  a.rbitrary  judgement  of  the  workmen. 

It  should  be  mentioned  here  that  defects  such 
as  knots,  poor  grain  alignment  etc.  will  ha^ve  detri¬ 
mental  effects  on  the  strength  of  any  beam.  The  lumber 
supplied  for  this  series  of  tests  was  of  relatively 
good  stock,  free  from  these  a.pparent  defects  so  there¬ 
fore  it  was  expected  that  the  resultd  obtained  v;ere 
higher  than  commercial  standards. 

Shearing  Stresses: 

It  was  found  for  some  of  the  beams  ofl  the 
and  series,  vrhere  the  load  reached  values 

of  6,500  lbs.,  that  maximum  shearing  stresses  v/ere  in 
the  order  of  350  p.s.i.  or  slightly  higher.  Figures 
quoted  in  reference  no.  5  indicate  average  shear 
resistance  values  for  Douglas-fir  beams  to  be  about 
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390  p.s.l*  with  minimum  values  reaching  as  low  as  326 
p.s.i,  for  a  sound  beam.  These  minimum  values  quoted 
are  into  the  range  of  values  obtained  for  this  series 
of  tests.  Some  of  the  photos  of  the  beams  in  the  "G" 
and  "SP”  series  show  a  tendency  to  have  failed  by 
shear  rather  than  by  flexure  as  intended,  subsequently 
indicating  that  test  beams  should  be  designed  in 
future  to  ensure  a  positive  flexure  failure.  Since 
resistance  to  shear  and  modulus  of  rupture  are  affected 
to  the  same  extent  by  varying  the  loading  rate  (ref.  4), 
the  proportion  of  shear  failures  would  always  be  constant 
for  beams  fabricated  identically. 

Moisture  Contents 

The  beams  were  stored  in  a  constant  tempera¬ 
ture-humidity  room  prior  to  testing.  Values  of  moisture 
content  for  the  sample  cubes  cut  from  each  beam,  indicated 
the  moisture  control  to  be  satisfactory.  No  adjustments 
were  m.ade  in  test  data  to  correct  for  mioisture  content 
since  variations  were  small.  If  this  beam  series  is  to 
be  compared  to  another  series  where  mioisture  content  is 
considerably  lower  or  higher  both  series  should  be 
corrected’  to  a  like  factor.  Plates  1  to  5  indicate 
that  moisture  content  and  specific  gravity  individually 
have  no  apparent  effect  on  the  ultimate  strength  of  the 
beams. 

Rate  of  Loadinp’: 

Beams  in  each  of  the  five  series  were  loaded 
at  the  rate  of  .1  inches  per  minute  and  at  intervals 
loading  was  stopped  so  that  gage  and  dial  readings 


could  be  taken. 
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It  has  been  indicated  by  reference  no.  4 
that  the  maximum  crushing  strength  in  compression 
parallel  to  grain  and  the  modulus  of  rupture  in  flexure 
are  increased  as  the  time  of  loading  decreases  and  are 
decreased  by  about  the  same  amount  as  the  time  of 
loading  increases  from  that  used  in  standard  testing 
procedures  for  wood  members,  but  that  the  modulus  of 
elasticity  in  flexure  and  compression  parallel  to  grain 
is  approximately  the  same  for  all  rates  of  loading. 

Any  deviation  from  the  standard  rate  of  loading  vrill 
affect  the  modulus  of  rupture  but  the  effect  on  the 
modulus  of  elasticity  will  be  negligible.  However,  since 
all  the  beams  in  this  series  were  tested  in  a  similar 
manner  the  basis  for  computing  strength  ratios  from 
the  modulus  of  rupture  values  with  no  adjustments  to 
any  of  the  test  values  can  be  taken  as  correct.  If 
comparisons  are  made  with  any  other  series  outside  the 
tests  presented'  in  this  paper  the  loading  rates 
should  be  standardized. 


CONCLUSIONS; 


From  the  analysis  of  the  test  results  several 

Gonclusions  can  be  drawn; 

1)  The  strength  ratio  for  beams  containing  the  standard 
Joint  used  in  these  tests  was  0«6l  in  bending* 

2)  Removing  the  end-step  notch  from  the  exposed  faces  of 
members  increased  the  strength  ratio  of  the  test 
beams  from  0.61  to  0.95,  increased  the  bending 
strength  about  60^,  and'  increased  the  strength  ratio 
and  tension  strength  of  a  single  lamination  by 
approximately  the  same  amount.  The  increase  in 
strength  ratio  was  so  great  that  no  significant 
difference  existed  between  this  group  (SP)  and  the 
control  beam  group  (C)  which  had  no  scarf  Joint. 

3)  A  significant  difference  Im  stiffness-  appeared 
between  the  groups- with  the  wax  paper  isolation,  of- 
ther scarf  Joints.  The  Isolation  of  the  Joint  reduced 
the  stiffness  of  the  beams  in  both*,  types  of  Joi.n.t. 

In  bending  strength,  the  isolation  of  the  scarf  re>- 
duced  the  strength  ratio  of  the  planed  scarf  group 
to  0*73,  but  no  significant  effect  was  .noted  in  the' 
case  of  the  standard  scarf  group* 

4)  Methods  for  computing,  strength  of  a  beam  in  flexure 
containing  a  hooked  scarf  Joint  as  specified  by  the 
1953  edition  of  the  National  Building  Code  of  Canada, 
section  4.3. 4* 4,  appear  to  be  Inadequate.  Values: 
obtained  in  this  series  of  tests  were  considerably 
less,  than  the  strength  ratios  computed  on.  the  basis 
of  the  National  Building  Code'  of  Canada, 
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Appendix  1 


The  following  five  pages  contain  data  on 
laminating  conditions  and  procedure  used  in  this 
series  of  tests.  The  data  is  self  explanatory. 
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REQUIRED  FABRICATION  DATA  ON  LAMINATING  CONDITIONS  AND  PROCEDURE 

Date  Feb. 1st ,1936> 

1.  Member  Mark  Numbers  covered  by  this  sheet  include:  Cl  -  012. 

2.  Laminating  Stock  species  ard  grade  used  in  fabrication: _ 

Douglas  Fir  ,  Grade  B 

3.  Laminating  Stock  Conditions: 

(a)  Moisture  Content:  Max.  9%  Min.  5%  Max.Var.per  member  1^. 

(b)  Scarfs:  None. 

4.  Glue: 

(a)  Type  -  Casein  (b)  Manufacturer  -  Monsanto 

(c)  No.  1911  (d)  Manufacturer’s  Batch  No.  327 

(e)  Glue  temperature  at  time  of  mix  70^F 

(f)  Mix  (by  weight)  Casein:  1.75  water  to  1  dry  glue. 

(g)  Does  Casein  Glue  contain  fugicide?  Yes  . 

5.  Manufacture : 

(a)  Assembly  time  2:30  -  1:30* 

(b)  Room  conditions  at  time  of  gluing:  D.B.  78  W.B.  57  R*H.  24^ 

(c)  Glue  spread  70  Ibs./MSFGL. 

(d)  Clamp  pressure  110  p. s. i. 

6.  Curing: 

(a)  Casein: 

1.  Time  under  clamp  pressure  16  hours 

2.  Average  room  conditions  during  curing  period: 

Dry  Bulb  64  Wet  Bulb  47  Rel.  Hum.  23/0. 


Signature : 


71 


REQUIRED  FABRICATION  DATA  ON  LAMINATING  CONDITIONS  AND  PROCEDURE 

Date  Feb>  2nd,I936» 

1*  Member  Mark  Numbers  covered  by  tbis  sheet  Include; SI  312. 

Laminating  Stock  species  and  grade  used  in  fabrication; _ _ 

Douglas  Fir  ,  G-rade  B 

3.  Laminating  Stock  Conditions; 

(a)  Moisture  Content;  Max.  9%  Min.  5^  Max.Var.per  member  1^. 

(b)  Scarfs:  Type  -  Hook.  Slope  -  1  to  l4. 

4.  Glue ; 

(a)  Type  -  Casein  (b)  Manufacturer  -  Monsanto 

(c)  No.  1911  (d)  Manufacturer  *  3  Batch  No,  327 

(e)  Glue  temperature  at  time  of  m.lx  70^F 

(f)  Mix;  (by  weight)  Casein;  1.75  water  to  1  dry  glue. 

(g)  Does  Casein  Glue  contain  fungicide?  Yes  . 

5.  Manufacture ; 

(a)  Assembly  time  9:00  -  10;30. 

(b)  Room  conditions  at  time  of  gluing;  D.B.  76  ¥.B.  ^  R.H.  25% 

(c)  Glue  spread  70  Ibs./MSFGL. 

(d)  Clamp  pressure  110  p.s.i. 

6.  Curing; 

(a)  Casein; 

1.  Time  under  clamp  pressure  24  hours 

2.  Average  room  conditions  during  curing  period; 

Dry  Bulb  60  Wet  Bulb  45  Rel.  Hum.  26%. 


Signature; 
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REQUIRED  FABRICATION  DATA  ON  LAMNATING  CONDITIONS  AND  PROCEDURE 


Date  Feb  2nd,1956» 

1.  Member  Mark  Numbers  covered  by  this  sheet  Include ;3P1  -  3P12« 

2.  Laminating  3tock  species  and  grade  used  in  fabrication:  _ 

,  Douprlas  Fir,  G-rade  B _ 

3.  Laminating  Stock  Conditions: 

(a)  Moisture  Content:  Max. 10^  Min.  3^  Max.Var.per  member 

(b)  Scarfs:  Type  -  Hook.  Slope  -  1  to  14. 

4.  Glue; 

(a)  Type  -  Casein  (b)  Manufacturer  -  Monsanto 

(c)  No.  1911  (d)  Manufacturer’s  Batch  No.  327 

o 

(e)  Glue  temperature  at  time  of  mix  70  F 

(f)  Mix:  (by  weight.)  Casein:  1.75  water  to  1  dry  glue. 

(g)  Does  Casein  Glue  contain  fungicide?  Yes. 

5.  l^.ufacture : 

(a)  Assembly  time  10:30  -  12:00. 

(b)  Room  conditions  at  time  of  gluing:  D.B.  76  W.B.  ^  R.H. 25^ 
(c.)  Glue  spread  70  Ibs./MSFGL. 

(d)  Clamp  pressure  110  p.s.i. 

6.  Curing: 

(a)  Casein: 

1.  Time  under  clamp  pressure  22  hours. 

2.  Average  room  conditions  during  curing  period: 

Dry  Bulb  60  Wet  Bulb  45  Rel.  Hum.  26^  . 


Signature : 
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REQUIRED  FABRICATION  DATA  ON  LAIVINATING  CONDITIONS  AND  PROCEDURE^ 

Date  Feb,  2nd, 1956, 

1,  Member  Mark  Numbers  covered  by  tbls  sheet  Include;  XI  -  X12, 

2,  Laminating  Stock  species  and  grade  used  in  fabrication: _ 

Douglas  Fir  ,  G-rade  B, 

3*  Laminating  Stock  Conditions; 

(a)  Moisture  Content:  Max. 10^  Min,  5^  Max.Var.  per  member 

(b)  Scarfs;  Type  -  Hook.  Slope  -  1  to  l4 
4.  Glue ; 

(a)  Type  -  Casein  (b)  Manufacturer  -  Monsanto 

(c)  No,  1911  (d)  Manufacturer  * s  Batch  No,  327 

(e)  Glue  temperature  at  time  of  mix  70^F 

(f)  Mix:  (by  weight)  Casein:  1,75  water  to  1  dry  glue. 

(g)  Does  Casein  Glue  contain  fungicide?  Yes  . 

5*  Manufacture; 

(a)  Assembly  time  2:00  ~  3:30. 

(b)  Room  conditions  at  time  of  gluing;  D.B.  76  W,B.  5£  R.H,  25^ 

(c)  Glue  spread  70  lbs,/MSFGL. 

(d)  Clamp  pressure  110  p,3,i, 

6,  Curing; 

(a)  Casein: 

1.  Time  under  clamp  pressure  20  hours 

2,  Average  room  conditions  during  curing  period: 

Dry  Bulb  60  Wet  Bulb  45  Rel,  Hum,  26^ 
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REQUIRED  FABRICATION  DATA  ON  LAIVIINATING  CONDITIONS  AND  PROCEDURE 


Date  Feb.  2nd, 1956. 

1.  Member  Mark  Numbers  covered  by  this  sheet  include ;XP1  -  XP12. 

2.  Laminating  Stock  species  and  grade  used  in  fabrication: _ 

Douglas  Fir,  Grade  B 

3.  Laminating  Stock  Conditions: 

(a)  Moisture  Content:  Max: 10^  Min.  5^  Max.Var.per  member  1^ 

(b)  Scarfs:  Type  -  Hook.  Slope  -  1  to  14 

4.  Glue; 

(a)  Type  -  Casein  (b)  Manufacturer  -  Monsanto 

(c)  No.  1911  (d)  I‘4anufaoturer ’ 3  Batch  No.  327 

(e)  Glue  temperature  at  time  of  mix  70^F 

(f)  Mix:  (by  weight)  Casein;  1.75  water  to  1  dry  glue. 

(g)  Does  Casein  Glue  contain  fungicide?  Yes. 

5.  Manufacture ; 

(a)  Assembly  time  3:30  -  5:0Q> 

(b)  Room  conditions  at  time  of  gluing:  D.B.76  W.B.56  R.H.  25^ 

(c)  Glue  spread  70  Ibs./MSFGL. 

(d)  Clamp  pressure  110  p.s.l. 

6.  Curing: 

(a)  Casein: 

1.  Time  under  clamp  pressure  18  hours 

2.  Average  room  conditions  during  curing  period: 

Dry  Bulb  60  Wet  Bulb  45  Rel.  Hum.  26^ 
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Appendix  2 

Sample  Calculations 

Definition  of  Symbols: 

^max.  ~  maximum  fibre  stress 
M  =  maximum  bending  moment 

Ymax.  ^  distance  from  the  neutral  axis  of  tbe  beam 
to  the  extreme  fibre 

I  =  moment  of  Inertia  of  the  section 
P  =  total  load  applied  to  the  beam 
E  =  modulus  of  elasticity 
e  =  unit  strain 
a  =  distance  between  loads 
Vmax,  =  maximum  shearing  force 
Vmax.  "  maximum  shearing_  stress 
A  =  area  of  cross  section. 

S  =  centerline  deflection 
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1)  To  calculate  maximum  compression  and  maximum  tension 
fibre  stresses  or  the  Modulus  of  Rupture, 

^max.  =  ^max. 

I 


e  r  t  y 

S  e  c  t 

I.i4 

^‘max,  p.s.i. 

PI aned 

31.4 

1.805  P 

Unplaned 

33.5 

1.725  P 

2)  To  calculate  ’’E”  from  strain  gage  information  taken 


from  Plate  no*  27  for  the  C  series,  tension  gage* 

Slope:  At  load  P  =  4,040  lbs.  Strain  =  3,000(10"®)"/" 

f  =  1.725  X  2.544"  X  P  =  1.490  P 
2.719" 

f  =  1.490  X  4,040  =  6,030  p.s.l. 

E  =  f  a  6.030  ,  =  2.01  X  10^  p.s.l. 

e  3x  (lO”-^) 

3)  To  calculate  ”E*’  from  load  -  deflection  information 
taken  from  graph  no* 11,  C  -  Series. 

S  s^xPxa  (  3L^  -  4a^  ) 

- 24TEI  - - 

I  =  33.5"^ 

S  a  3.0" 

P  =  5,125  lbs. 

a  =  (  3.54  X  12  )" 

L  =  (  10.62  X  12  )" 

Solving  for  "E" 

E  =  1.87  X  10^  p.s.l. 


ac  . 


:c  'i.; 


4)  To  calculate  maximum  shear: 


Vmaxo  =  3/2  Vjnax. 

A 

Consider  unplaned  series  le.  G  -  series 
^max*~  6,500  lbs. 

Vmax.^  3,250  lbs. 

Then  solving; 

Vmax.=  353  p.s.l. 

5)  To  calculate  Moisture  Content  and  Specific  Gravity. 


Initial  weight  of  sample 

- 

101.50 

grams 

oven  dry  weight  of  sample 

91.13 

Weight  of  moisture 

= 

10.57 

*  Moisture  Content 

3 

11.4^ 

Weight  of  dry  sample  plus  paraffin 

= 

94.35 

grams 

Weight  of  dry  sample 

= 

91.13 

ti 

Weight  of  paraffin 

s 

3.22 

If 

Volume  of  sample  and  paraffin 

s 

193.04 

cc 

Volume  of  paraffin 

= 

2.52 

cc 

Volume  of  sample 

= 

189.52 

cc 

*  Dry  Specific  Gravity  of  sample 

0.481 

Note:  Specific  Gravity  of  Paraffin 

- 

0.917 

1 


I 


I 
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Appendix  3  -  A  Basis  for  computing  "Statistical 
Analysis"  (Reference  no*  3) 

The  statistical  analysis  for  this  section 
was  developed  at  Ottawa  by  The  Forest  Products  Labora¬ 
tory  and  for  the  most  part  will  be  taken  as  presented. 
The  following  will  present  some  of  the  formulas  and 
m.ethods  used  to  arrive  at  the  results  in  the  section 
headed  "Statistical  Analysis". 

Definition  of  Symbols: 

N  =  number  of  specimens  within  each  grouping. 

X  =  average  value  =  total  divided  by  N. 

^  Xj_  =  sum  or  total  of  each  group. 

Q 

2-  xf  =  sum  of  squares  of  Individual  values  in  group. 

H  2 

(?^x^  /N  =  total  squared  and  divided  by  N. 

2  ^  o  o 

®  "*  “  variance 

s  y  3^  =  standard  diviation  =  positive  square  root 

of  the  varience. 

V  =  100  s  =  coefficient  of  variation. 

X 

Sx  =  X  =  s  =  standard  error  of  the  estimate. 

Example:  (  see  table  1,  column  2,  page  53.) 

N  =  12 
X  =  9,330 
Z  X.  -  118,000 
Z  xf  -  1,170,066,200 
(Zx^)^/N  =  1,160,333,533 
£^1  -  =  9,732,367 

=  884,806 


s  —  9^0*6 


c 


c- 


i 


79 


2 

s  was  estimated  In  two  ways: 

(1)  Sum  of  the  squares  for  means, 

3^  =  (T.^)^  /  (T.o)^  /  (T.^)^  -  (T.,)^ 

ni  ng  Oj  N 

(2)  Sum  of  the  squares  "within*'. 

/  (£^)  /  (t.3^) 

n3_  n2  n^ 

The  two  above  formulas  represent  the  comparisons  of 
three  groupings  within  themselves  where: 

T.ji^  =  sum  of  grouping  no.  1 
T.^  =  sum  of  grouping  no,  2 
T.^  =  sum  of  grouping  no.  3 
T..  =  sum  of  all  groupings  combined 

=  number  of  values  contained  in  group  1. 

n2  =  number  of  values  contained  in  group  2. 

n^  z  number  of  values  contained  in  group  3. 

N  =:  total  number  of  values  in  all  the  groups  combined 

s  of  the  squares  of  each  Individual  value 

O/  j  f 

for  all  the  groups. 

The  two  estimates  were  then  tested  for 
significant  difference  by  using  the  "F"  ratio  (defined 
on  follov;ing  page).  The  mean  square  values  were  found 
by  dividing  the  sum  of  the  squares  value  by  its  cor¬ 
responding  degree (s)  of  freedom.  Statistical  analysis 
allow  (k  -  1)  comparisons  to  be  made,  k  =  number  of 
series.  Since  in  this  series  of  tests  there  were  five 
groupings  it  was  justified  to  have  four  comparisons. 
Degrees  of  freedom  were  chosen  by  taking  one  less  than 
than  the  number  of  elements  compared  -  eg.  comparing 
(Q,S,SP)  and  the  (X,XP)  groupings  the  number  of  elements 

r  2,  therefore  degrees  of  freedom  s  2  -  1  =  1.  There 


r  .  rV 


I 


was  a  total  of  sixty  elements,  (le  sixty  beams  tested) 

therefore  the  total  number  of  degrees  of  freedom  = 

60  -  1  =  59.  Since  one  degree  of  freedom  was  used  for 

each  comparison,  there  were  55  left  to  be  applied  to  the 

mean  square  of  the  ’’within”  value. 

F  =  mean  square  of  each  comparison 

mean  square  of.  the  values  “within ” 

Comparisons  were  examined  on  a  5%  level  of 
confidence  (one  chance  of  error  in  twenty).  Entering 
table  7a  (”F  distribution.  Upper  5%  points','  page  310, 
reference  no*.  3)  and  applying  the  appropriate  degrees 
of  freedom  (ie.  numerator  =  1  and  denominator  =  55)  as 
coordinates  of  the  table,  F05  was  taken  as  4,02.  If 
the  value  of  **F''  exceeded  4.02  then  the  variation 
between  the  series  was  significant  such  as  found  for 
comparisons  1,2  and  3  of  table  6,  page  57.  Comparison 
4  fell  below  4.02  therefore  the  difference  in  the 
average  values  of  the  two  groupings  was  not  significant. 

The  "variance", ''standard  diviation"  and 
"coefficient:  of  variation"  are  all  measures  of  disper¬ 
sion.  Applying  table  values  times  the  standard  error 
of  the  estimate,  limiting  values, for  which  we  are  95^ 
confident  that  mean  values  for  future  results  on  a 
similar  testing  pattern  would  fall,  may  be  computed. 


Appendix  4  -  Relevant  Data  on  Stress  Concentration: 

The  following  information  which  relates  to 
stress  concentration  is  quoted  from  reference  no.  2. 
Definitions.- 

Stress  may  he  broadly  defined  as  the  Internal 
force  per  unit  of  area  which  resists  a  phange  in  size 
or  shape  of  a  body.  There  are  two  types  of  stress: 
normal  stress:  and  shearing  stress.  These  may  be  defined 
respectively  as  the  stress  acting  perpendicular  to  the 
cross-sectional  area  and  as  a  stress  which  lies  In  the 
plane  on  which  it  acts. 

G-Onditions  causing  stresses  to  be  greater 
than  those  given  by  ordinary  stress  equations  are  called 
’’discontinuities*'  and  "stress  raisers"  because  they  de¬ 
stroy  the  assumed  regularity  of  stress  distribution.  The- 
presence  of  discontinuities  causes  considerable  Increases 
in  stress  at  those  points  and  the  ratio  of  the  maximum 
true  stress  to  the  normal  uniform  stress  is  called  the 
"stress-concentration  factor"  and  is  most  often  repre¬ 
sented  by  the  symbol  "k".  Literature  frequently  cites 
that  the  tangential  stress  at  the  edge  of  a  small  hole 
located  atbthe  aenter  of  an  isotropic  bar  in  uniform 
tension  is  three  times  the  uniform  stress  calculated 
by  ?/A.  This  discontinuity  causes  "k"  to  equal  three  at 
the  edge  of  the  small  hole.  It  should  be  noted  at  this 
point,  that  the  area  used  in  calculations  may  be  the  net 
or  gross  area  depending  on  the  relative  v;idth  or  depth 
of  the  stress  raiser  to  the  gross  width  or  depth  of 
the  body. 


Examples  of  various  stress  raisers  are; 
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(a)  abrupt  changes  in  section,  (b)  pressure  at  points 
of  application  of  external  forces,  (c)  discontinuities 
in  the  material  itself,  and  (d)  initial  stresses  in 
the  member.  Maximum  stresses  are  generally  developed  in 
only  small  portions  on  members  and  are  thus  called 
"stress  concentrations"  or  "localized  stresses". 

In  the  experiments  outlined  in  this  reference, 
the  writer  presents  strength  ratios  of  scarf  joints, 
notched  un jointed  laminations.  Allowing  for  variables 
such  as  scarf  slope,  grain,  slope  and  indeterminant 
factors,  the  significant  or  effective  stress-concen¬ 
tration  factor  is  equal  to  the  reciprocal  of  the 
strength  ratio  which  is  defined  as  the  ratio  of  mean 
strengths  of  notched  specimens  and  unnotched  specimens. 

"  The  significant  stress  concentration  factor, 
then,  may  be  defined  as:^  the  ratio  of  the  stress  calcu¬ 
lated  from  the  load  at  which  structural  damage  starts 
in  the  specimen  free  from  the  stress  raiser  to  the 
nominal  stress  calculated  by  the  same  stress  formula 
from  the  load  at  which  damage  starts  in  same  sample 
which  contains  the  stress  raiser".  ^ 

*  Seely  and  Smith,  Advanced  Mechanics  of  Materials, 
second  edition,  1952,  J.  Wiley  and  Sons  Inc. 
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